Learning pointsThe correct percutaneous treatment of calcified coronary lesions expects the use of several dedicated techniques to prepare the lesion. One of the newest is intracoronary lithotripsy, a technique which selectively breaks the intimal and medial calcium within the vessel wall through the generation of sonic pressure waves. Calcium modulation permits to dilatate the lesion at low pressure in order to maximize luminal gain and minimize trauma of the vessel wall.Intracoronary lithotripsy percutaneous coronary intervention is a useful technique to prepare a calcified lesion but has a wider application setting such as the treatment of a serious complication like unexpandable stent.

Introduction
============

The percutaneous treatment of coronary artery stenosis has a long and successful history but the treatment of heavily calcified lesions results in high rate of complications and long-term adverse events.[@ytz172-B1]^,^[@ytz172-B2] Several tools and techniques with different kinds of mechanisms have been developed to facilitate the revascularization in this scenario: cutting and scoring balloon, super high pressure (OPN NC) balloon, and rotational atherectomy.[@ytz172-B3] A new promising technique is represented by intracoronary lithotripsy (ICL).[@ytz172-B4]^,^[@ytz172-B5] Lithotripsy is a well-characterized treatment adopted for calcified renal calculi in which calcification are fragmented by high-power acoustic shockwaves. Intracoronary lithotripsy using a dedicated coronary balloon brings the same concept to high calcified coronary lesions. A common point of all these techniques is that they are designed to prepare the lesion and not to be applied after stent implantation.

We present the case of a patient with a very calcified lesion needed for bail-out stent implantation due to a huge dissection; ICL was successfully used to optimize stent's under expansion and percutaneous coronary intervention (PCI) final result.

Timeline
========

  Timeline (hours after arrival)                                   
  ---------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Emergency Department (0)                                         Patient with hypertension, diabetes mellitus, hyperlipidaemia, obesity, active smoke, previous aortic bypass revascularization \[left internal mammary artery---LIMA for left anterior descending (LAD), saphenous vein graft---SVG for right coronary artery (RCA) and SVG for intermediate ramus (IR) and obtuse marginal (OM)\] presents with central chest pain and left arm numbness. Electrocardiogram reveals inferior ST-segment elevations in D2, D3, and aVR; Troponin-I elevated 0, 73 ng/mL. With concern to ST-myocardial infarction, he was taken for emergent cardiac catheterization.
  Cardiac Catheterization Lab (1)                                  Coronary angiogram reveals critical stenosis of predivisional left main (LM), LAD with proximal critical stenosis and subsequent occlusion, left circumflex (LC) with critical mid stenosis and IR occluded; RCA occluded at mid-portion; LIMA for LAD without stenosis; SVG for IR and OM chronically occluded; SVG for RCA with thrombotic acute occlusion (culprit lesion). The SVG for RCA was treated with a direct implant of a drug everolimus-eluting stent with a good acute result. Revascularization of LM-LAD-LC was planned.
  Cardiac Catheterization Lab for planned revascularization (85)   A planned revascularization of LM, LAD, and LC was performed with a percutaneous coronary intervention (PCI) complicated by a huge dissection of LM needing a bail-out implant of a zotarolimus-eluting stent LM-LAD which remained unexpanded and was treated with the use of intracoronary lithotripsy. The procedure was finalized with PCI and implant of other two zotarolimus-eluting stents LM-LC (culotte technique) with an optimal angiographic and intravascular ultrasound result.
  Discharge (200)                                                  The patient remained asymptomatic and was discharged with optimal medical therapy, left ventricular function was moderately reduced with infero-postero akinesia.

Case presentation
=================

A 68-year-old man with hypertension, diabetes mellitus, dyslipidaemia, obesity, and active smoker presented to our Emergency Department with continuous chest pain.

Eight years before, symptomatic for stable angina, he was treated with aortic bypass revascularization: left internal mammary artery (LIMA) for left anterior descending (LAD), saphenous vein graft (SVG) for right coronary artery (RCA) and SVG for intermediate ramus (IR) and obtuse marginal (OM). He was haemodynamically stable with a normal arterial pressure (140/90 mmHg) and a Killip Class 1. Electrocardiogram reveals inferior ST-segment elevation.

Urgent coronary angiogram revealed 90% stenosis of pre-divisional left main (LM), LAD with proximal 85% stenosis and subsequent occlusion, left circumflex (LC) with a 80% mid stenosis and IR occluded (*Figure [1](#ytz172-F1){ref-type="fig"}*); RCA occluded at mid-portion; LIMA for LAD without stenosis; SVG for IR and OM chronically occluded; and SVG for RCA with thrombotic acute occlusion.

![(*A*) Basal caudal-left view; (*B*) basal caudal view. Dotted arrow, occluded saphenous vein graft anastomosis; empty arrow, left anterior descending stenosis; full arrow, left main stenosis.](ytz172f1){#ytz172-F1}

The SVG for RCA was treated with a direct everolimus-eluting stent implantation with a good result. Because of the chronic occlusion for the SVG for IR-OM and the presence of a severe critical stenosis of LM, revascularization of LM-LAD-LC was planned 3 days after primary PCI with a two stents Culotte Technique scheduled. Rotablator was excluded for the high angulation between the LM and LC and the relative risk of burr entrapment.

The technical setting was left radial access with a 6/7-Fr *Glidesheat Slender Introducer* and a guiding catheter EBU4.0 7 Fr was placed in LM. Balance Middleweight Guides (Abbot) wires were placed in mid LAD and LC. After predilatation of LC and distal LM with 2.5 mm semi-compliant balloon (*Figure [2](#ytz172-F2){ref-type="fig"}A* and *B*) up to 14 atmosphere (atm) the wire resulted stuck into the calcium of LM and we were no able to bring any balloon or material into the LC even increasing the support with anchoring balloon in proximal LAD. In order to free the wire, a dilatation LM-LAD with a non-compliant (NC) balloon 3.0/15 mm at 18 atm was performed unsuccessfully and the lesion remained unexpanded. We decided to perform a ICL but only an undersized balloon was available (2.5/12 mm); therefore we dilated the lesion with a undersized NC balloon 2.5/15 mm at very high pressure (30 atm) (*Figure [2](#ytz172-F2){ref-type="fig"}C*). The balloon remained partially unexpanded but induced a huge dissection of LM with consequent hemodynamically instability (*Figure [2](#ytz172-F2){ref-type="fig"}D* and [Supplementary material online](#sup1){ref-type="supplementary-material"}, *Video S1*).

![(*A* and *B*) Percutaneous coronary intervention with semi-compliant balloon in caudal and left-caudal view (full arrows); (*C*) percutaneous coronary intervention with non-compliant balloon at high atmosphere remaining unexpanded (empty arrows); (*D*) consequent huge dissection of the left main (dotted arrow).](ytz172f2){#ytz172-F2}

To fix the dissection we implanted a zotarolimus-eluting stent (ZES) (3.5/26 mm) from LM to proximal LAD which remained unexpanded in the mid-portion (*Figure [3](#ytz172-F3){ref-type="fig"}A* and [Supplementary material online](#sup1){ref-type="supplementary-material"}, *Videos S2* and *S3*).

![(*A*) Stent implanted and remained unexpanded (full arrow); (*B*) percutaneous coronary intervention with shockwaves balloon and lithotripsy (empty arrow); (*C* and *D*) final result in left-caudal and caudal views.](ytz172f3){#ytz172-F3}

We performed several unsuccessful post dilatation with NC balloon 3.5/15 up to 28 atm. As a bail-out strategy, we performed three cycles of 10 impulses of ICL inside the stent with the only available shockwaves balloon (*Figure [3](#ytz172-F3){ref-type="fig"}B*). After the treatment, we were able to expand correctly the stent with a NC 3.5/15 balloon going up to 14 atm.

The procedure was completed recrossing the stent to the LC with the implantation of two ZES in mid LC and LM-Proximal LC (Coulotte Technique), partially overlapped (*Figure [3](#ytz172-F3){ref-type="fig"}C* and *D*).

Intravascular ultrasound confirmed the good final result and the good expansion of the stents (*Figure [4](#ytz172-F4){ref-type="fig"}*).

![Final intravascular ultrasound registration of distal (*A*) and proximal (*B*) left main with a good expansion of the stent (full arrows) healing the huge dissection (empty arrows).](ytz172f4){#ytz172-F4}

The patient was discharged after 5 days with a moderate depression of the ejection fraction (45%), due to an hypoakinesia of the inferior wall, on aspirin, ticagrelor, high-dose statin, beta-blocker, and angiotensin-converting enzyme inhibitor. At 1-month follow-up, the patient is still asymptomatic conducting a normal activity life.

Discussion
==========

The percutaneous treatment of calcified coronary lesions is challenging and it is based on the concept of an optimal lesion preparation with plaque modification before stent implantation. Multiple adjunctive procedural devices have been introduced to improve the success rate in this particular scenario. Cutting and scoring balloons act through a direct fracture of the luminal calcium using for the first real blades applied on a balloon and for the seconds several kinds of stiff and sharp elements applied on a balloon.

Super high pressure balloon is a twin layer balloon designed to provide high rated burst pressure. These kinds of techniques are easy to use but determine a limited plaque modification.

Atherectomy is a strategy based on the concept of plaque-debulking through changing plaque morphology and compliance creating fractures in calcium: rotational atherectomy is one of the most used system based on this concept.

Rotational atherectomy is a complex system using a diamond-tipped burr available in several diameters. The high speed rotation of the burr determine a debulking of the plaque acting selectively on calcified tissue due to the different ability of the elasting and inelastic tissue to deflect under its action. The system is really effective in fracturing the plaque calcium.

The real limiting factor of rotational atherectomy is the complexity in preparing and using the system respect to cutting, scoring or super high pressure balloons. Moreover, distal embolization and the no-reflow phenomenon are not so uncommon complications.

Intracoronary lithotripsy is a novel technique based on a balloon that releases high-power acoustic shockwaves to disrupt calcified lesions using a technology similar to lithotripsy for kidney stones.

The system is really promising due to its feasibility, the ability to act on superficial and deep calcium, the reduced distal embolization due to the entrapment of fractured calcium into the vessel wall. The conceptual and procedural common point of all these techniques is the fact that they need to be applied before stent implantation; the only exception is the ICL whose mechanism of action is based on ultrasounds which are not blocked by the presence of a stent and may act on the calcium below the stent struts.

Our case report highlights the efficacy in this rare condition of the ICL: an unexpandable lesion, where a bail-out stent was implanted, has been effectively treated with this technology. Application of ICL permitted the expansion of a stent implanted obtaining an optimal final result.
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